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ABSTRACT 
Objective: The modulation of membrane-bound ATPases, carbohydrate metabolizing enzymes and mitochondrial TCA cycle enzymes in Wattakaka 
volubilis on aluminium sulphate induced liver toxicity. 
Methods: Medicinal therapy requires careful assessment of effective treatment offering an acceptable safety over human health. Experimental 
animals were divided into five groups (Untreated, negative and positive control, hepatic group and the hepatic group fed on Wattakaka volubilis), 
Metabolising enzymes level, estimation of DNA, RNA and quantification of DNA fragmentation and gene expression were investigated. These altered 
enzyme levels were ameliorated significantly by administration of Wattakaka volubilis at the concentration of 200 mg/kg in drug-treated animals.  
Results: Results showed that treatment with methanol extract of Wattakaka volubilis normal level of enzymes which are compared with silymarin. 
This was evident from the significant increase in p<0.05, p<0.01, p<0.001 enzyme levels. Aluminium sulphate induced rats showed decreased the 
activities of metabolising enzymes and increased DNA fragmentation in the liver. This clearly explained the reason for the hepatoprotective activity 
of Wattakaka volubilis leaf extract. 
Conclusion: The methanolic leaf extract of W. volubilis showed high protective activity against aluminium sulphate-induced hepatotoxicity.  
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The liver plays a central and crucial role in the regulation of 
carbohydrate metabolism. Its normal functioning is essential for the 
maintenance of blood glucose levels and continued supply to organs 
that require a glucose energy source [1]. In addition, it has a great 
capacity to detoxify toxic substances and synthesize useful ones. 
Therefore, the damage which is caused by hepatotoxic agents is of 
grave consequence to the body as it deprives the liver of its principal 
functions [2]. A significant amount of liver damage is induced by 
lipid peroxidation and other oxidative damages which are caused by 
the hepatotoxic chemicals [3, 4]. It has been reported that liver 
injury caused by a variety of deleterious agents induces 
inflammation, necrosis, fibrosis cirrhosis and functional 
deteriorations [5]. Liver is a vital organ, responsible for the 
detoxification of various drugs and xenobiotics in the body. The 
drug-induced liver disease accounts for 5% of all hospital 
admissions and 50% of all acute liver failure [6]. It is the major cause 
of withdrawal of an approved drug from the market [7]. Currently, 
25% of all modern medicines are directly or indirectly derived from 
higher plants. Aluminium is a ubiquitous element comprising about 
8% of the earth's crust. It is a non-essential metal to which humans 
are frequently exposed. Food ingredients, antacids, buffered 
vaccines, allergen, injections, food preparations all contain a 
considerable amount of aluminium. A small amount of aluminium 
(<1%) is systematically absorbed and is excreted principally in the 
urine and to a lesser extent in the faces. Aluminium (Al) has been 
reported to be neurotoxic when injected directly into the brain. 
Evidence for the contribution of aluminium to environmental 
pollution with the different aluminium containing compounds 
exposes people to higher than normal levels of aluminium. Al is thus 
potentially toxic for humans. Agency for Toxic Substances and 
Disease Registry (ATSDR) reported that aluminium is distributed 
mainly in bone, liver, testis, kidneys and brain [8]. Patients on 
dialysis or on long-term treatment with total parenteral nutrition [9, 
10] have been shown to accumulate this metal in different organs. 
The human toxicological effects include encephalopathy, bone 
disease, anemia and skeletal system disease [11-13]. Aluminum has 
been intensively investigated in the initiation and progression of 
various neurological disorders which is caused due to oxidative 
stress. Different forms of aluminium are environmental xenobiotics 
that induce free radical-mediated cytotoxicity and reproductive 
toxicity. Aluminium (Al) causes oxidative stress within brain tissue. 
Al has a direct effect on haematopoisis. Excess aluminium has been 
shown to induce microcytic anaemia [14].  
The leaves are applied to boils and abscesses to promote suppuration 
[15]. W. volubilis (Asclepiadaceae) is distributed throughout the hotter 
parts of India, Taiwan, Cambodia, Nepal and Sri Lanka [16]. The chief 
phytoconstituents reported in the leaves and stems of W. volubilis are 
glycosides, flavonoids, triterpenoids and saponins [17]. W. volubilis leaf 
extract is reported to possess anti-inflammatory and analgesic 
activities [18]. The plant is also reported to possess mild central 
nervous system depressant, anthelmintic, antispasmodic, cytotoxic, 
antimutagenic and anticancer properties [19]. The roots of W. volubilis 
are reported to possess antipyretic activity [20]. Recent studies have 
shown that phytochemical constituents like flavonoids and 
triterpenoids are known to promote the wound healing process 
mainly due to their astringent and antimicrobial properties. This study 
was undertaken to substantiate the traditional use of the leaves of W. 
volubilis for the treatment of membrane ATPases, carbohydrate 
metabolizing and mitochondrial TCA cycle enzymes. 
MATERIALS AND METHODS 
Plant material 
The leaves of W. volubilis were collected from Trichy, Tamil Nadu, 
India. The plant material was taxonomically identified voucher 
specimen (voucher specimen No. 001) by Dr. John Britto Rabinet 
Herbarium. St. Joseph’s College, Trichy. 
Drugs and chemicals 
Aluminium sulphate and silymarin were purchased from the sigma-
aldrich chemical company (St. Lousis mo, USA). The diagnostic kits 
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required for enzymatic assays were purchased from Span 
Diagnostics, India. 
Preparation of extract 
The leaves of W. volubilis were dried in shady condition and 
powdered. The 200 g of powdered material was dissolved with 250 
ml of 95% methanol and the extract was prepared using soxhlet 
apparatus for 48hr. The extract was filtered and concentrated in the 
rotatory evaporator at 35-40 °C under reduced pressure and was 
stored in refrigerated condition for further use. 
Experimental animals 
Adult male Wister Albino rats weighing 250-350 g were used for the 
present investigation. They were housed in a clean polypropylene 
cage and maintained under standard laboratory conditions 
(temperature 26±2 °C with dark/light cycle 12/12h). They were fed 
with standard pellet diet (Hindustan lever, Kolkata, India) and water 
ad libitum. The animals were acclimatized to laboratory conditions 
for one month. All procedures described were reviewed and 
approved by the animal ethics committee, IAEC No/232 Sastra 
University, Thanjavur, Tamil Nadu, India. 
Experimental design 
The animals were divided into 5 groups consisting of 6 animals in 
each group.  
Group I-Untreated rats received with saline (1 ml/kg). 
Group II-Diseased control aluminium sulphate (50 mg/kg/day) 
dissolved in (1 ml/kg) saline will be injected intraperitoneally 
double dose per week to induce hepatotoxicity. (Domingo J. L. 
1995). 
Group III-Aluminium sulphate+treated with methanol extract of 
Wattakaka volubilis (MEWV) (200 mg/kg) dissolved in corn oil (1 
ml/kg) orally for 30 d.  
Group IV–Aluminium sulphate+treated with silymarin (25 mg/kg) 
dissolved in corn oil (1 ml/kg) orally for 30 d.  
Group V-Treated with Methanol extract of Wattakaka volubilis 
(MEWV) alone (200 mg/kg) dissolved in corn oil (ml/kg) orally for 
30 d*. 
The body weights of rats of each group were measured before the 
experimental trial and 30 d* after the methanol extract of Wattakaka 
volubilis treatment. Liver weight of all rats was measured after the 
sacrifice. Animals were sacrificed by injecting with sodium 
pentobarbitone and blood was collected in plain and heparinised 
tubes immediately after sacrifice for biochemical assays. The liver 
was removed and washed with saline. Blood samples centrifuged for 
10 min at 2500 rpm and the serum separated stored at 4 °C until 
further use.  
Biochemical analysis 
Deoxyribonucleic acid (DNA) was estimated by the method of 
Burton [21]. Ribonucleic acid (RNA) was estimated by the 
method of Rawal et al., [22]. Na+K+-ATPase was estimated by the 
method of Bonting [23], The activity of Ca2+-ATPase was 
assayed according to the method of Hjerten and Pan [24], Mg2+-
ATPase activity was assayed by the method of Ohinishi et al., 
[25]. Hexokinase was assayed by the method of Brandstrup et al., 
[26] Aldolase and Glucose-6-phosphatease was estimated by the 
method of King [27] Estimation of Isocitrate dehydrogenase 
(ICDH) by the method of King [27], Succinate dehydrogenase 
(SDH) was estimated by the method of Slater and Borner [28]. 
Malate dehydrogenase (MDH) assayed by the method of Mehler 
et al., [29]. Alpha-ketoglutarate dehydrogenase α-(KGDH) by the 
method of Reed and Mukherjee [30]. 
Statistical analysis 
The data were statistically analysed and all the values were 
expressed as mean±Standard Error Mean (SEM). The data were also 
analyzed by one way ANOVA followed by Dunnet’s t3-test. p<0.05, 
p<0.01, p<0.001 was considered significant. 
RESULTS 
The membrane-bound enzymes such as Na+, Ca 2+, Mg 2+ and total 
ATPases, in erythrocyte membrane and liver of aluminium sulphate 
induced group II animals showed a significant decline in the levels of 
Na+, Ca 2+, Mg 2+ and total ATPases (p<0.05) when compared to 
control animals. These levels were found to be significantly 
increased where treated with a methanolic extract of W. volubilis 
(p<0.05) in group III animals when compared to group II animals. On 
the other hand, there were no significant variations in group IV drug 
alone and silymarin treated animals when compared to group I 
control animals (fig. 1). 
The effect of W. volubilis on the mitochondrial TCA cycle enzymes 
such as ICDH, SDH, MDH, NADPH and α-KGDH in the 
hepatoprotective potential activity of control and experimental 
animals are given in fig. 2. A significant decrease in the levels of 
TCA cycle enzymes was observed in group II animals when 
compared to group I control animals (p<0.05). In this connection, 
the levels of TCA cycle enzymes are significantly increased in 
group III animals treated with a methanolic extract of W. volubilis 
(p<0.05) when compared to group II aluminium sulphate induced 
animals. No significant changes in group IV and group V 
administered animals when compared with group I control 
animals were observed.  
The efficacy of W. volubilis on the levels of carbohydrate 
metabolizing enzymes in liver of control and experimental animals 
are presented in fig. 3. In the hepatoprotective activity of the 
carbohydrate metabolizing enzymes such as hexokinase and 
aldolase were significantly elevated (p<0.05) and the glucose-6-
phosphatase and Glucose 6-phosphatase dehydrogenase were 
significantly decreased (p<0.05) in group II animals when compared 
to group I control animals. All the carbohydrate metabolizing 
enzymes were significantly altered when treated with W. volubilis in 
group III animals (p<0.05) when compared to group II aluminium 
sulphate induced animals. No remarkable changes were observed in 
group IV drug alone and silymarin treated animals when compared 
to group I animals. 
The results of the present study indicated that the level of DNA 
in the liver of aluminium sulphate treated rats showed a 
significant decrease when compared to that of normal control. 
However, there was a significant increase in the level of DNA in 
the liver of aluminium sulphate treated rats along with plant 
extracts and standard drug. Thus, the results revealed recovery 
in the level of DNA content in the liver of rat exposed to 
aluminium sulphate along with plant extracts when compared to 
that of aluminium sulphate treated control group (fig. 4). In the 
present study, the level of RNA in the liver of aluminium 
sulphate treated group showed a significant decrease when 
compared with that of normal control. However, a significant 
increase in the RNA content was observed in the liver of 
aluminium sulphate treated rats along with plant extracts when 
compared to that of group II treated group. Thus, the results 
indicated a recovery in the level of RNA in rat exposed to 
aluminium sulphate along with plant extracts and drug alone, 
standard drug when compared with that of aluminium sulphate 
treated control group. 
The fig. 5 shows the agarose gel electrophoretic pattern of DNA 
fragmentation in control and experimental rats. DNA ladder (100-
1000bp) is shown in lane 1. It was found that there was a marked 
increase in the levels of DNA fragmentation in aluminium sulphate 
induced rats (lane 6) when compared to aluminium+silymarin (lane 
2). On treatment with MEWV which restores the aluminium sulphate 
induced DNA fragmentation to near control (lane 3). The fig. 6 shows 
the Polymerase Chain Reaction (PCR) results for MMP-2 gene. The 
results were showed from the 100-300 bp the maximum action was 
shown in the 129bp. This indicates that MMP2 gene was involved in 
the gene expression. 
 




Fig. 1: Effect on MEWV of membrane bound enzymes in control and experimental rats, Results are expressed as mean±SEM, n = 6. *P<0.05, 
statistically significant as compared with control rats and aP<0.05 statistically significant as compared with Al2 (SO4)3 induced group 
 
 
Fig. 2: Effect on MEWV of mitochondrial enzymes in control and experimental rats, results are expressed as mean±SEM, n = 6. *P<0.05, 
statistically significant as compared with control rats and aP<0.05 statistically significant as compared with Al2 (SO4)3 induced group 
 
 
Fig. 3: Effect of glucose metabolizing enzymes in control and experimental rats, results are expressed as mean±SEM, n = 6. *P<0.001, 
statistically significant as compared with control rats and aP<0.001 statistically significant as compared with Al2 (SO4)3 induced group 




Fig. 4: Effect on MEWV of DNA and RNA content in control and experimental groups, results are expressed as mean±SEM, n = 6. *P<0.001, 




Fig. 5: Effect of MEWV on agarose gel electrophoretic pattern of 
hepatic DNA-Fragmentation in control and experimental rats, 
Lane 1: 1 kb DNA ladder; Lane 2: aluminium sulphate+silymarin 
treated group 
 
Lane 3: aluminium sulphate+MEWV (200 mg/kg) showed very less 
DNA smearing when compared with group II Lane 4: aluminium 
sulphate+MEWV (100 mg/kg) showed moderate DNA smearing 
when compared with group II Lane 5: MEWV (200 mg/kg) alone 
treated group Lane 6: aluminium Sulphate induced group liver tissue 
DNA was highly damaged indicated by more smearing of DNA. Lane 
7: Normal control. 
 
 
Fig. 6: Effect of MEWV on PCR-MMP-2 gene in aluminium 
sulphate induced rats, Lane M: Marker; Lane 1: MEWV (200 
mg/kg) alone treated group; Lane 2: aluminium 
sulphate+silymarin treated group; Lane 3: aluminium 
sulphate+methanol extract of Wattakaka volubilis (MEWV) (200 
mg/kg); Lane 4: aluminium sulphate induced group; Lane 5: 
Normal control 
DISCUSSION 
Adenosine triphosphatases (ATPases) are a vital enzyme for 
providing metabolic energy to the living process. It regulates ion 
transport across the cellular membrane, cellular volume, osmotic 
pressure and membrane permeability. It is an integral part of the 
membrane structure [31]. The membrane-bound enzymes such as 
Na+/K+, Ca 2+and Mg 2+ATPases are responsible for the transport of 
sodium, potassium and calcium ions across the membrane. These 
lipids dependent enzymes have been implicated in the pathogenesis 
of liver injury [32]. In the present study, the level of Na+/K+, Ca 2+and 
Mg 2+ ATPases was found to decrease in erythrocyte membrane and 
liver of aluminium sulphate induced hepatic animals. The calcium 
pump Ca2+ATPases in plasma membrane because of its high affinity 
has been proposed as the structure responsible for the maintenance 
of cytoplasmic calcium concentration at even sub micromolar level 
[33]. In the present investigation, it was observed that the level of 
Ca2+ATPases was inhibited in erythrocyte membrane and liver in 
Al2 (SO4)3 administered animals. It is well known that magnesium 
has a vital role in the maintenance of structure, metabolism and 
energetics of the cell. The synthesis of protein, nucleic acids and a 
number of other mitochondrial processes require magnesium. 
According to Frank et al., [34] changes in the cytosolic 
Mg2+concentration lead to a significant modification in cellular 
functions. Decreased levels of Mg2+ were observed in this present 
investigation may be attributed to increased lipid peroxidation 
(LPO) and membrane damaged by aluminium sulphate. However, W. 
volubilis drug-treated rats showed near normal levels.  
Mitochondria, the energy reservoir of the cell is vital for producing 
energy for the sustenance of the cell. Aluminium damage to 
mitochondria leads to cell death [35]. The inner and outer 
membranes of mitochondria contain unsaturated lipids and they are 
susceptible to free radicals attack [36]. The mitochondrial 
dysfunction during aluminium sulphate toxicity resulted from the 
declined activities of TCA enzymes and respiratory chain complexes, 
which are ascribed to the ROS generated by ccl4 [37]. In this study, 
the activities of the major TCA enzymes such as ICDH, α-KGDH, SDH 
and MDH were declined significantly in the aluminium sulphate 
control compared with that of normal rats. The reduction in 
activities of TCA enzymes may be due to the structural and 
functional disorganization of the mitochondrial assembly and 
induced by the generated ROS. Thus, when mitochondrial are 
damaged, energy generation in them is inevitably inhibited which 
contributes to the overall loss in the energy production [38]. 
Glucose-6-phospatase is located in the endoplasmic reticulum and in 
the crucial enzyme of glucose homeostasis. It plays an important role 
in the regulation of the blood glucose level [39] reported various 
toxicants caused a significant decline in glucose-6-phospatase 
activity. The activity of this enzyme was significantly decreased after 
aluminium exposure, which indicates that glycogen is not converted 
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into glucose as this enzyme is inactivated by combining with metal 
ions [40]. It reflects that W. volubilis can protect the structural 
integrity and probably shield against the deleterious effect of lipid 
peroxidation. It is well known that hepatic damage not only inflicts 
structural changes but also result in the altered functionality of the 
liver, particularly the carbohydrate metabolism [41]. The present 
study showed an increase in the glycolytic enzymes such as 
hexokinase, aldolase and a significant decrease in glucose-6-
phosphatase in aluminium sulphate treated animals. One of the 
strategies to prevent disease is the use of specific nutrients to 
protect tissues against toxic, carcinogenic injury and degenerative 
diseases [42, 43]. On methanol extract of W. volubilis treatment, the 
level of the enzyme was reverted back to near normal levels due to 
the activity of maintenance of glucose homeostasis. 
Nucleic acids like RNA and DNA are most important macromolecules 
that carry all kinds of necessary biological information and are 
involved in gene action, which is essential in the regulation of cell 
metabolism and expression of the characters synthesized in the 
nucleus but mainly found in the cytoplasm to carry out the protein 
synthesis. The biochemical content of DNA and RNA were estimated 
and found significantly decreased in aluminium sulphate (Al2(SO4)3) 
treated group and increased in extract treated group which was 
almost equivalent to that of the normal group in the present study. 
Previously Phyllanthus amarus extract increased DNA and RNA 
contents in the liver tissue [44]. In the present study, 200 mg/kg 
showed the better result when restoring normal activity of enzymes 
and biochemical contents. Similar results of effective mitigation of 
toxic effects of carbon tetrachloride in a dose-dependent manner 
and thus offered significant protection was also reported [45]. 
A previous study we found that that there was a marked increase in 
the levels of DNA fragmentation in high cholesterol diet (HCD) 
induced rats when compared to control rats due to increased ROS 
production which alters the macromolecules such as lipid, protein 
and especially nucleic acid–DNA [46]. The present study lane 3 of 
agarose gel smear (aluminium sulphate+Wattakaka volubilis) (200 
mg/kg) showed very less DNA smearing when compared to group II 
animals. This shows that some sort of DNA structural modifications 
was undergone in the smear. The lane 4 exhibits (aluminium 
Sulphate+mehanolic extract of wattakaka volubilis (100 mg/kg) 
showed moderate DNA smearing when compared with group II 
animals. The lane 6 smear possess (aluminium Sulphate induced 
group) liver tissue DNA was highly damaged indicated by more 
smearing of DNA. From this study, it comes to know that DNA 
damage occurs after ingestion of aluminium sulphate AI2 (SO4)3 and 
our methanol extract of W. volubilis (MEWV) of 200 mg restore the 
DNA damage into its normal level.  
Many pathological processes involve breakdown and remodelling of 
the extracellular matrix, which is mediated by the matrix 
metalloproteinases (MMP). MMP-2 and MMP-9 over-expression has 
been reported in cardiac [47] lung [48] and brain ischemia-
reperfusion injury [49]. The lane 2 which consists of (aluminium 
Sulphate+silymarin treated group). the lane 3 which exhibits 
aluminium sulphate+methanol extract of Wattakaka volubilis (MEWV) 
(200 mg/kg), whereas lane 4 includes aluminium sulphate induced 
group from this study, it comes to know that, expression of matrix 
metalloproteinases-2 (MMP-2) was a detected in all experimental 
groups and a high level of increase was noticed in aluminium sulphate 
induced group. A mild expression of MMP-2 observed in all other 
groups when compared with the aluminium sulphate induced group. 
CONCLUSION 
The results of the present study provide a scope for an in-depth and 
comprehensive study that can lead to the formulation of new 
therapeutic intervention for the treatment of liver toxicity as a 
valuable substitute to the present hepatoprotective drug. It is 
concluded that the methanolic leaf extract of W. volubilis showed 
high protective activity against aluminium sulphate (Al2(SO4)3)-
induced hepatotoxicity. Biochemical assays have potential value for 
assessing and monitoring the effectiveness and safety of 
pharmaceutical and medicinal therapy. The results suggested that W. 
volubilis could act as hepatic therapy without adverse effects at the 
metabolic activity and molecular levels in hepatic rats. 
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